(E-H) Models depicting potential structures of the cag T4SS cytoplasmic apparatus. (E) Central slice of the subtomogram average of the cag T4SS from the en face view. (F) Distal and (G) proximal off-center tomographic slices through the en face view of the cag T4SS particle. (H) Cross-section of the cytoplasmic apparatus parallel to the inner membrane at the position indicated by the white arrow in (G). From the second column onward, the top two images are the top and side views of the candidate 3D models for the cytoplasmic apparatus. The four tomographic slices below the 3D models in each column are the sections corresponding to the first column (E-H). In the second column, E', F', G' and H' on the top two views of the 3D representation indicate the locations of the tomographic slices shown in (E-H) through the object. Comparing candidate structural models to the experimental data, we predict that the cytoplasmic apparatus is comprised of a five-barrel arrangement. Scale bar in (E) 10 nm, applies to panels (E-H). OM, outer membrane; IM, inner membrane. 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Sample preparation for electron cryotomography. Freshly glow discharged, UV sterilized Quantifoil gold Finder holey carbon grids (Quantifoil Micro Tools) were submerged in complete RPMI medium in 90-mm diameter cell culture dishes. AGS cells were then added to culture dishes, and cells were grown overnight at 37°C in 5% CO 2 to permit adherence to the grids. Grids were screened for cell confluency, and grids containing AGS cell clusters were inoculated with H. pylori at a multiplicity of infection (MOI) of approximately 50 bacterial cells per AGS cell. After infection at 37°C in 5% CO 2 (ranging from 90 min -4.5 h), the grids were removed using forceps, loaded into an FEI Vitrobot Mark IV (Thermo Fisher Scientific) controlled at 37°C and 100% humidity, applied with 20 nm colloidal gold beads (Sigma-Aldrich) that were concentrated and pre-treated with bovine serum albumin (Iancu et al., 2006) , blotted and plunge-frozen in a liquid ethane/propane mixture (Tivol et al., 2008) , and stored in liquid nitrogen prior to imaging.
Electron cryotomography data collection and processing. Frozen-hydrated samples were imaged in an FEI Polara 300 keV field emission gun transmission electron microscope (Thermo Fisher Scientific) equipped with a Gatan energy filter and a Gatan K2 Summit direct detector. Energy-filtered tilt-series of images (3838 x 3710 pixels) of the cells were automatically collected from 0° to -60° and then +1° to +60° at 1° intervals using UCSF tomography data collection software (Zheng et al., 2007) , with a total dosage of 160 e− Å −2 per tilt-series, a defocus of −6 µm and a pixel size of 3.9 Å. The images were then binned by 2 (pixel size of 7.8 Å), aligned and contrast transfer functioncorrected using the IMOD software package (Kremer et al., 1996) . SIRT reconstructions were subsequently produced using the TOMO3D program (Agulleiro and Fernandez, 2011) to enhance the contrast of images for better alignment in sub-tomogram averaging. The cag T4SS structures were located by visual inspection and extracted with a box size of 100 x 150 x 100 pixels. The sub-tomogram averages were produced using the PEET program (Nicastro et al., 2006) with local masks on either the periplasmic or cytoplasmic part. To align the periplasmic part using PEET, the rotational search ranges and steps about the axis X, Y (particle long axis perpendicular to the membranes), and Z were: (iteration 1) 6°/2°, 30°/10°, 6°/2°; (iteration 2) 3°/1°, 15°/5°, 3°/1°; (iteration 3) 1.5°/0.5°, 7.5°/2.5°, 1.5°/0.5°; (iteration 4) 0.75°/0.25°, 3.75°/1.25°, 0.75°/0.25°; (iteration 5) 0.75°/0.25°, 1.875°/0.625°, 0.75°/0.25°. To align the cytoplasmic part, the rotational search ranges and steps about the axis X, Y, and Z were: (iteration 1) 6°/2°, 180°/60°, 6°/2°; (iteration 2) 6°/2°, 90°/30°, 6°/2°; (iteration 3) 6°/2°, 45°/15°, 6°/2°; (iteration 4) 6°/2°, 22.5°/7.5°, 6°/2°; (iteration 5) 3°/1°, 11.25°/3.75°, 3°/1°; (iteration 6) 1.5°/0.5°, 5.625°/1.875°, 1.5°/0.5°; (iteration 7) 0.75°/0.25°, 2.8125°/0.9375°, 0.75°/0.25°; (iteration 8) 0.75°/0.25°, 1.40625°/0.46875°, 0.75°/0.25°. A 14-fold symmetry and a 2-fold symmetry were applied to the periplasmic and cytoplasmic parts, respectively, for the final results. The Fourier shell correlation plots shown in Figure S2 were generated using PEET. The surface rendering in Figure 2 was generated using the UCSF Chimera program (Pettersen et al., 2004) .
